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(57) ABSTRACT

Agonist polypeptide of a receptor protein has been identi-
fied. The agonist can be used to facilitate drug and antigen
absorption. Suitable routes of administration include oral,
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lations may comprise a therapeutic agent or an immunogenic
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Fig. 2A and 2B
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Fig. 6A and 6B
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Fig. 7A and 7B
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AGONIST POLYPEPTIDE OF RECEPTOR
FOR ZOT AND ZONULIN

This application claims the benefit of provisional appli-
cation Ser. No. 60/487,889 filed Jul. 15, 2003, the disclosure

of which 1s expressly incorporated herein.
This nvention was supported with funds from the

National Institutes of Health under grant numbers DK4837/73
and AI18797. The United States government retains certain
rights in the mvention under the terms of those grants.

TECHNICAL FIELD OF THE INVENTION

This 1nvention 1s related to the area of diagnostics, thera-

peutics, pharmaceuticals, drug discovery, and immuno-
therapy. In particular, 1t relates to manipulation and use of

the Zot/Zonulin/receptor system to improve health.

BACKGROUND OF THE INVENTION

Intestinal tight junction dysiunction occurs 1n a variety of
clinical conditions, including food allergies, infections of the
gastrointestinal tract, autoimmune diseases, and inflamma-
tory bowel diseases (42). Healthy, mature gut mucosa with
its 1ntact tight junction serves as the main barrier to the
passage of macromolecules. During the healthy state, small
quantities ol immunologically active antigens cross the gut
host barrier. These antigens are absorbed across the mucosa
through at least two pathways. The vast majority of absorbed
proteins (up to 90%) crosses the intestinal barrier via the
transcellular pathway, followed by lysosomal degradation
that converts proteins into smaller, non-immunogenic pep-
tides. These residual peptides are transported as intact pro-
teins, through the paracellular pathway; it involves a subtle
but sophisticated regulation of intercellular tight junction
that leads to antigen tolerance. When the integrity of the
tight junction system 1s compromised, as with prematurity or
alter exposure to radiation, chemotherapy, and/or toxins, a
deleterious 1mmune response to environmental antigens
(including autoimmune diseases and food allergies) may be
clicited. There 1s a continuing need 1n the art to diagnose and
treat such diseases and conditions. There 1s a continuing,
need in the art to identily new drugs for treating such
diseases.

Several microorganisms exert an irreversible cytopathic
cllect on epithelial cells that impacts cytoskeletal organiza-
tion and tight junction function. These bacteria alter intes-
tinal permeability either directly (1.e., EPEC) or through the
claboration of toxins (e.g., Clostridium difficile, Bacteroides
fragilis) (43). The Vibrio cholerae phage CXT® ZOT pro-
tein mimics the human proteimn zonulin and exploits the
physiological mechanisms of tight junction regulation. Zot
possesses multiple domains that allow a dual function of the
protein as a morphogenetic phage peptide for the Vibrio
cholerae phage CTX® and as an enterotoxin that modulates
intestinal tight junctions. Zot action 1s mediated by a cascade
of mtracellular events that lead to a PKCa-dependent poly-
merization of actin microfilaments strategically localized to
regulate the paracellular pathway (38). The toxin exerts its
cllect by interacting with the surface of enteric cells. Zot
binding varies within the intestine, being detectable 1n the
jejunum and distal 1leum, decreasing along the villous-crypt
axis, and not being detectable in the colon (44). This binding
distribution coincides with the regional effect of Zot on
intestinal permeability (44) and with the preferential F-actin
redistribution induced by Zot 1n the mature cells of the villi

(38).
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2
SUMMARY OF THE INVENTION

A first embodiment of the invention 1s an agonist polypep-
tide of a human receptor of zonulin and Vibrio cholerae
phage CTX¢ ZOT protein. The agonist polypeptide com-
prises amino acid sequence FCIGRL (SEQ ID NO: 4). The
polypeptide 1s less than 100 amino acid residues 1n length.

A second embodiment of the invention 1s a pharmaceu-
tical composition for treating a disease. The composition
comprises a therapeutic agent for treating the disease and an
agonist polypeptide of a human receptor of zonulin and
Vibrio cholerae phage CIX¢ ZOT protein. The agonist
polypeptide comprises amino acid sequence FCIGRL (SEQ
ID NO: 4). The polypeptide 1s less than 100 amino acid
residues 1n length.

A third embodiment of the invention 1s a method of
delivering a therapeutic agent to a target tissue. A therapeutic
agent for treating a disease and an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX¢
70T protein 1s administered to a patient with the disease.
The agomnist polypeptide comprises amino acid sequence
FCIGRL (SEQ ID NO: 4). The polypeptide is less than 100
amino acid residues 1n length.

A fourth embodiment of the mvention 1s a method of
delivering a therapeutic agent to a target tissue. A therapeutic
agent for treating a disease and an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX¢
70T protein are administered via the nose of a patient who
has the disease. The agonist polypeptide comprises amino
acid sequence FCIGRL (SEQ ID NO: 4). The polypeptide 1s
less than 100 amino acid residues 1n length.

A fifth embodiment of the invention 1s a method of
delivering a therapeutic agent to a target tissue. A therapeutic
agent for treating a disease and an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX¢
70T protein are adminmistered via the mouth of a patient who
has the disease. The agonist polypeptide comprises amino
acid sequence FCIGRL (SEQ ID NO: 4). The polypeptide 1s
less than 100 amino acid residues 1n length.

A sixth embodiment of the invention 1s a method of
delivering a therapeutic agent to a target tissue. A therapeutic
agent for treating a disease and an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX¢
70T protein are administered via the skin of a patient who
has the disease. The agonist polypeplide comprises amino
acid sequence FCIGRL (SEQ ID NO: 4). The polypeptide 1s
less than 100 amino acid residues 1n length.

A seventh embodiment of the invention 1s a method of
delivering a therapeutic agent to a target tissue. A therapeutic
agent for treating a disease and an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX¢
70T protein are adminmistered via the blood of a patient who
has the disease. The agonist polypeptide comprises amino
acid sequence FCIGRL (SEQ ID NO: 4). The polypeptide 1s
less than 100 amino acid residues 1n length.

An eighth embodiment of the imnvention 1s a method for
identifving or purilying a human receptor of Zonulin and V.
cholerae phage CITX¢ Zot. A sample comprising one or
more proteins 1s contacted with an antibody under condi-
tions suitable for antibody antigen binding. The antibody 1s
raised against amino acids SLIGKVDGTSHVTG as shown
in SEQ ID NO: 5. Proteins 1n the sample not bound to the
antibody are removed. Proteins bound to the antibody are
identified as a human receptor of Zonulin and Zot or as
forming a preparation enriched for said receptor.

A ninth embodiment of the mmvention 1s a method of
screening for drug candidates for treating a disease. A first




US 7,294,689 B2

3

human protein identified by antibody SAMI11 1s contacted
with a second protein selected from the group consisting of
V. cholerae phage C'1X¢ Zot, human Zonulin, and MyDSS.
The contacting 1s performed separately 1n the presence and
in the absence of a test substance. The amount of the first
protein bound to the second protein 1n the presence of test
substance 1s compared to the amount bound 1n the absence
of test substance. A test substance 1s 1dentified as a drug
candidate if 1t decreases the amount of first protein bound to
second protein.

A tenth embodiment of the mmvention 1s a vaccine com-
position for inducing an immune response. The vaccine
comprises an immunogenic agent for imnducing an 1mmune
response and an agonist of a human receptor of zonulin and
Vibrio cholerae phage CTX¢ ZOT protein. The agonist
polypeptide comprises amino acid sequence FCIGRL (SEQ
ID NO: 4). The polypeptide 1s less than 100 amino acid
residues 1n length.

An eleventh embodiment of the invention 1s a method of
diagnosing an autoimmune disease 1n a patient. A first body

sample from the patient 1s contacted with an antibody raised
against amino acids SLIGKVDGTSHVTG as shown in SEQ

ID NO: 5. Amount of the antibody bound by the first body

sample 1s compared to an amount bound by a second body
sample of a healthy control who does not have an autoim-
mune disease. An auto-immune disease 1s 1dentified in the
patient 1f the first body sample binds more of the antibody
than the second.

A twelfth embodiment of the mvention 1s a method of
treating a patient with increased expression oif zonulin
relative to a control healthy individual. An antibody raised
against amino acids SLIGKVDGTSHVTG as shown in SEQ
ID NO: 5, 1s administered to the patient. Symptoms of the
disease are thereby alleviated.

A thirteenth embodiment of the mvention 1s an antibody
which 1s raised against amino acids SLIGKVDGTSHVTG
as shown 1n SEQ ID NO: 5. The antibody binds to a protein
expressed 1n CaCo2 cells that co-localizes with a protein
bound by synthetic ihibitor peptide FZ1/0 (as shown in
SEQ ID NO: 3). The antibody does not bind to human or rat

cells that express a recombinant human PAR-2. The anti-
body 1s not SAMII.

A fourteenth embodiment of the invention 1s an antibody
which binds to a protein expressed in CaCo2 cells that
co-localizes with a protemn bound by synthetic inhibitor
peptide FZ1/0 (as shown 1n SEQ ID NO: 3). The antibody

does not bind to human or rat cells that express a recombi-
nant human PAR-2. The antibody 1s not SAMI1.

A fifteenth embodiment of the invention 1s an agonist
polypeptide of a human receptor of zonulin and FVibrio
cholerae phage CTX¢ ZOT protein. The agonist polypeptide
comprises a sequence selected from the group consisting of
Xaa, Cys Ile Gly Arg Leu (SEQ ID NO: 7), Phe Xaa, Ile Gly
Arg Leu (SEQ ID NO: 8), Phe Cys Xaa, Gly Arg Leu (SEQ
ID NO: 9), Phe Cys Ile Xaa, Arg Leu (SEQ ID NO: 10), Phe
Cys Ile Gly Xaa: Leu (SEQ ID NO: 11), and Phe Cys Ile Gly
Arg Xaa, (SEQID NO: 12). The polypeptide 1s less than 100
amino acid residues 1n length. Xaa, 1s selected from the
group consisting of Ala, Val, Leu, Ile, Pro, Trp, Tyr, and Met;
Xaa, 1s selected from the group consisting of Gly, Ser, Thr,
Tyr, Asn, and Gln; Xaa, 1s selected from the group consisting
of Ala, Val, Leu, Ile, Pro, Trp, and Met; Xaa, 1s selected from
the group consisting of Gly, Ser, Thr, Tyr, Asn, Ala, and Gln;
Xaa. 1s selected from the group consisting of Lys and His;
Xaa, 1s selected from the group consisting of Ala, Val, Leu,

Ile, Pro, Trp, and Met.
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A sixteenth embodiment of the invention 1s an agonist
polypeptide of a human receptor of zonulin and Vibrio
cholerae phage CTX¢ ZOT protein. The agonist polypeptide
comprises a sequence selected from the group consisting of:
Xaa, Xaa, Ille Gly Arg Leu (SEQ 1D NO: 13), Xaa,Cys Xaa,
Gly Arg Leu (SEQ ID NO: 14), Xaa,Cys Ile Xaa, Arg Leu
(SEQ ID NO: 15), Xaa, Cys Ile Gly Xaa Leu (SEQ ID NO:
16), Xaa,Cys Ile Gly Arg Xaa, (SEQ ID NO: 17), Phe Xaa,
Xaa, Gly Arg Leu (SEQ ID NO: 18), Phe Xaa, Ille Xaa, Arg
Leu (SEQ ID NO: 19), Phe Xaa, Ile Gly Xaa; Leu (SEQ ID
NO: 20), Phe Xaa, Ile Gly Arg Xaa, (SEQ ID NO: 21), Phe
Cys Xaa, Xaa, Arg Leu(SEQ ID NO: 22), Phe Cys Xaa, Gly
Xaa. Leu (SEQ ID NO: 23), Phe Cys Xaa, Gly Arg Xaa,
(SEQ ID NO: 24), Phe Cys Ile Xaa, Xaa. Leu (SEQ ID NO:
25), Phe Cys Ile Xaa, Arg Xaa, (SEQ ID NO: 26), and Phe
Cys lle Gly Xaa.Xaa, (SEQ ID NO: 27). The polypeptide 1s
less than 100 amino acid residues 1n length. Xaa, 1s selected
from the group consisting of Ala, Val, Leu, Ile, Pro, Trp, Tyr,
and Met; Xaa, 1s selected from the group consisting of Gly,
Ser, Thr, Tyr, Asn, and Gln; Xaa, 1s selected from the group
consisting of Ala, Val, Leu, Ile, Pro, Trp, and Met; Xaa, 1s
selected from the group consisting of Gly, Ser, Thr, Tyr, Asn,
Ala, and Gln; Xaa; 1s selected trom the group consisting of
Lys and His; Xaa, 1s selected from the group consisting of
Ala, Val, Leu, Ile, Pro, Trp, and Met.

These and other embodiments which will be apparent to
those of skill in the art upon reading the specification
provide the art with reagents and methods for treating
diseases, diagnosing diseases, and discovering drugs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B Comassie (FIG. 1A) and Western
immunoblotting (FIG. 1B) of the six HPLC {fractions
obtained from intestinal tissue lysates. The zonulin-positive
fraction F5 showed a ~23 kDa that was not present in the
other five fractions.

FIGS. 2A and 2B. In situ immunofluorescence micros-
copy of rat small intestines exposed to either fluoresceinated
FZ1/0 (FIG. 2A) or FZ1/1 (FIG. 2B). Note the fluorescence
distribution at the upper third of the villi where the Zot/
zonulin receptor was originally described (see ref. 44).

FIG. 3A to 3C. PAR-2-FZ1/0 colocalization. Caco 2 cells
were immunostained with etther FITC-FZI/0 (FIG. 3A) or
mouse anti-human PAR2 monoclonal antibodies (FIG. 3B).
Overlapping of the two images (FIG. 3C) showed a co-
localization of PAR-2 and FZI/0 immunofluorescent par-
ticles.

FIGS. 4A-4D. FZ1/0-PAR-2 AP competitive binding
experiments. Caco2 cells exposed to FITC-labelled FZI1/0
(F1G. 4B) showed a significant number of fluorescent par-
ticles compared to the cells exposed to media control (FIG.
4A). An excess of PAR2-AP (100x) displaced FZ1/0 (FIG.
4C), while 100x of a scrambled peptide did not (FIG. 4D).

FIGS. 5A to 5D. Actin cytoskeleton arrangement in Caco2
cells exposed to PAR2-AP (FIG. 5A), BSA (FIG. 5B),
PAR2-AP+FZ1/0 (FIG. 5C), or PAR-2 AP+FZIl/1 (FIG. 5D).

FIGS. 6a to 6B. Effect of MCP-II (FIG. 6A) and PAR-2
AP (FIG. 6B) on mouse mtestinal TEER. Both MCP-II (o)
and PAR-2 AP (A) induced significant drops in TEER
compared to control tissues ( & ). These changes were com-
parable to AG-induced changes () and were completely
prevented by preincubation with FZI/0 (x).

FIG. 7A to 7B. Effect of PAR-2 AP on intestinal TEER 1n
wild type (FIG. 7A) and MyDS88 KO (FIG. 7B) mice. In wild
type mice, both PAR-2 AP (A) and AG (B) induced signifi-
cant drops in TEER compared to control tissues (<) that
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were completely prevented by preincubation with FZ1/0 (x).
No TEER changes were observed in MyD88 KO mice under
any treatment conditions.

FIG. 8. Proposed activation of receptor by Zot and
zonulin. As a MCP-II analogue, zonulin activates the recep-
tor by cleaving 1ts N-terminus, while Zot directly binds and
activates the receptor via its PAR-2 AP-homologous N-ter-
minal motif. The activation of PAR-2 by MCP-II and PAR-2

AP or the activation of the zonulin receptor by zonulin and
AG 1s blocked by the competitive binding inhibitor FZI/0.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The mventors have developed an agonist polypeptide of a
human receptor of zonulin and Vibrio cholerae phage CTX®
/70T protein. The polypeptide comprises amino acid

sequence FCIGRL (SEQ ID NO: 4). The polypeptide 1s less
than 100 amino acid residues, or less than 50, 40, 30, 20, 10,
or 8 amino acid residues. The polypeptide may contain only
the six amino acids FCIGRL (SEQ ID NO: 4), or 1t may have
additional amino acids. The other amino acids may provide
other functions, e.g., antigen tags, for facilitating purifica-
tion.

The agonist polypeptide can be used to facilitate absorp-
tion of therapeutic or immunogenic agents. The agonist
polypeptide facilitates absorption across the intestine, the
blood-brain barrier, the skin, and the nasal mucosa. Thus the
agonist polypeptide can be formulated with or co-adminis-
tered with a therapeutic or immunogenic agent which targets
the intestine, the brain, the skin, the nose. A pharmaceutical
composition according to the present invention need not be
pre-mixed prior to administration, but can be formed 1n vivo
when two agents are admimistered within 24 hours of each
other. Preferably the two agents are administered within 12,
8, 4, 2, or 1 hours of each other.

Therapeutic agents according to the invention are any
which can be used to treat a human or other mammal. The
agent can be for example, an antibody or an antibody
fragment (such as an Fao, F(ab'),, a single chain antibody
(ScFv)), an anti-cancer drug, an antibiotic, a hormone, or a
cytokine. The therapeutic agent can be one which acts on
any organ of the body, such as heart, brain, intestine, or
kidneys. Diseases which may be treated according to the
invention include, but are not limited to food allergies,
gastrointestinal infection, autoimmune disease, iniflamma-
tory bowel disease, Celiac Disease, gastrointestinal intlam-
mation.

Intravenous dosage compositions for delivery to the brain
are well-known 1n the art.

Such intravenous dosage compositions generally com-
prise a physiological diluent, e.g., distilled water, or 0.9%

(w/v) NaCl.

A “nasal” delivery composition differs from an “intesti-
nal” delivery composition 1n that the latter must have
gastroresistent properties in order to prevent the acidic
degradation of the active agents (e.g., zonulin receptor
agonist and the therapeutic agent) 1n the stomach, whereas
the former generally comprises water-soluble polymers with
a diameter of about 50 um in order to reduce the mucociliary
clearance, and to achieve a reproducible bioavailability of
the nasally administered agents. An “intravenous”™ delivery
composition differs from both the “nasal” and “intestinal”
delivery compositions in that there 1s no need for gastrore-
sistance or water-soluble polymers in the “intravenous”
delivery composition.
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The mode of administration 1s not critical to the present.
The mode of administration may be oral, for intestinal
delivery; intranasal, for nasal delivery; and intravenous for
delivery through the blood-brain barrier. Other modes of
administration as are known 1n the art may also be used,
including, but not limited to intrathecal, intramuscular, 1ntra-
bronchial, intrarectal, intraocular, and intravaginal delivery.

Oral dosage compositions for small intestinal delivery are
well-known 1n the art. Such oral dosage compositions may
comprise gastroresistent tablets or capsules (Remington’s
Pharmaceutical Sciences, 16th Ed., Eds. Osol, Mack Pub-
lishing Co., Chapter 89 (1980); Digenis et al, J. Pharm. Sci.,
83:915-921 (1994); Vantini et al, Clinica Terapeutica, 145:
445-451 (1993); Yoshitomi et al, Chem. Pharm. Bull.,
40:1902-1905 (1992); Thoma et al, Pharmazie, 46:331-336
(1991); Morishita et al, Drug Design and Delivery, 7:309-
319 (1991); and Lin et al, Pharmaceutical Res., 8:919-924
(1991)); each of which 1s incorporated by reference herein 1n
its entirety).

Tablets are made gastroresistent by the addition of, e.g.,
either cellulose acetate phthalate or cellulose acetate tereph-
thalate.

Capsules are solid dosage forms in which the biologically
active igredient(s) 1s enclosed in either a hard or soft,
soluble container or shell of gelatin. The gelatin used 1n the
manufacture of capsules 1s obtained from collagenous mate-
rial by hydrolysis. There are two types of gelatin. Type A,
derived from pork skins by acid processing, and Type B,
obtained from bones and animal skins by alkaline process-
ing. The use of hard gelatin capsules permit a choice 1n
prescribing a single biologically active ingredient or a
combination thereof at the exact dosage level considered
best for the individual subject. The hard gelatin capsule
typically consists of two sections, one slipping over the
other, thus completely surrounding the biologically active
ingredient. These capsules are filled by introducing the
biologically active ingredient, or gastroresistent beads con-
taining the biologically active ingredient, into the longer end
of the capsule, and then slipping on the cap. Hard gelatin
capsules are made largely from gelatin, FD&C colorants,
and sometimes an opacitying agent, such as titantum diox-
ide. The USP permits the gelatin for this purpose to contain
0.15% (w/v) sultur dioxide to prevent decomposition during
manufacture.

Oral dosage compositions for small intestinal delivery
also 1nclude 11qu1d comp051t10ns which may optionally
contain aqueous builering agents that prevent the therapeutic
agent and agonist polypeptide from being significantly 1nac-
tivated by gastric fluids 1n the stomach, thereby allowing the
biologically active ingredient and agonist polypeptide to
reach the small intestines 1n an active form. Examples of
such aqueous bullering agents which can be employed 1n the
present invention include bicarbonate butler (pH 3.5 to 8.7,
preferably about pH 7.4).

When the oral dosage composition 1s a liquid composi-
tion, 1t 1s preferable that the composition be prepared just
prior to administration so as to minimize stability problems.
In this case, the liqmd composition can be prepared by
dissolving lyophilized therapeutic agent and agonist
polypeptide 1n the aqueous bullering agent.

Nasal dosage compositions for nasal delivery are well-
known 1n the art. Such nasal dosage compositions generally
comprise water-soluble polymers that have been used exten-
sively to prepare pharmaceutical dosage forms (Martin et al,
In: Physical Chemical Principles of Pharmaceutical Sci-
ences, 3rd Ed., pages 592-638 (1983)) that can serve as
carriers for peptides for nasal administration (Davis, In:
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Delivery Systems for Peptide Drugs, 125:1-21 (1986)). The
nasal absorption of peptides embedded 1n polymer matrices
has been shown to be enhanced through retardation of nasal
mucociliary clearance (Illum et al, Int. J. Pharm., 46:261-
265 (1988)). Other possible enhancement mechanisms
include an increased concentration gradient or decreased
diffusion path for peptides absorption (Ting et al, Pharm.
Res., 9:1330-1335 (1992)). However, reduction in mucocili-
ary clearance rate has been predicted to be a good approach
toward achievement or reproducible bioavailability of
nasally admimstered systemic drugs (Gonda et al, Pharm.
Res., 7:69-75 (1990)). Microparticles with a diameter of
about 50 um are expected to deposit 1n the nasal cavity
(Bjork et al, Int. J. Pharm., 62:187-192 (1990)); and Illum et
al, Int. J. Pharm., 39:189-199 (1987), while microparticles
with a diameter under 10 um can escape the filtering system
of the nose and deposit 1n the lower airways. Microparticles
larger than 200 um 1n diameter will not be retained in the
nose aiter nasal administration (Lewis et al, Proc. Int. Symp.

Control Rel. Bioact. Mater., 17:280-290 (1990)).

The particular water-soluble polymer employed 1s not
critical to the present mvention, and can be selected from
any of the well-known water-soluble polymers employed for
nasal dosage forms. A typical example of a water-soluble
polymer useful for nasal delivery 1s polyvinyl alcohol
(PVA). This material 1s a swellable hydrophilic polymer
whose physical properties depend on the molecular weight,
degree of hydrolysis, cross-linking density, and crystallinity
(Peppas et al, In: Hydrogels in Medicine and Pharmacy,
3:109-131 (1987)). PVA can be used in the coating of
dispersed materials through phase separation, spray-drying,
spray-embedding, and spray-densation (Ting et al, supra).

A “skin” delivery composition of the invention may
include 1n addition to a therapeutic or immunogenic agent,
fragrance, creams, ointments, colorings, and other com-
pounds so long as the added component does not deleteri-
ously affect transdermal delivery of the therapeutic or immu-
nogenic agent. Conventional pharmaceutically acceptable
emulsifiers, surfactants, suspending agents, antioxidants,
osmotic enhancers, extenders, diluents and preservatives
may also be added. Water soluble polymers can also be used
as carriers.

The particular therapeutic or 1mmunogemic agent
employed 1s not critical to the present invention, and can be,
¢.g., any drug compound, biologically active peptide, vac-
cine, or any other moiety otherwise not absorbed through the
transcellular pathway, regardless of size or charge.

Examples of drug compounds which can be employed in
the present mnvention include drugs which act on the car-
diovascular system, drugs which act on the central nervous
system, antineoplastic drugs and antibiotics. Examples of
drugs which act on the cardiovascular system which can be
employed 1n the present mnvention include lidocaine, adenos-
ine, dobutamine, dopamine, epinephrine, norepinephrine
and phentolamine. Others as are known 1n the art can also be
used.

Examples of drugs which act on the central nervous
system which can be employed in the present invention
include doxapram, alfentanmil, dezocin, nalbuphine,
buprenorphine, naloxone, ketorolac, midazolam, propofol,
metacurine, mivacurium and succinylcholine. Others as are
known 1n the art can also be used.

Examples of antineoplastic drugs which can be employed
in the present include cytarabine, mitomycin, doxorubicin,
vincristine and vinblastine. Others as are known 1n the art
can also be used.
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Examples of antibiotics which can be employed in the
present include methicillin, mezlocillin, piperacillin, cetox-
itin, cefonicid, cefinetazole and aztreonam. Others as are
known 1n the art can also be used.

Examples of biologically active peptides which can be
employed 1n the present invention include hormones, lym-
phokines, globulins, and albumins. Examples of hormones
which can be employed in the present invention include
testosterone, nandrolene, menotropins, msulin and urofoll-
tropin. Others as are known 1n the art can also be used. When
the biologically active ingredient 1s msulin, the oral dosage
composition of the present invention 1s useful for the treat-
ment of diabetes. Examples of lymphokines which can be
employed in the present invention include interferon-a.,
interferon-f3, interferon-v, imterleukin-1, imnterleukin-2, inter-
leukin-4 and interleukin-8.

Examples of globulins which can be employed in the
present 1nvention include o-globulins, [-globulins and
v-globulins (immunoglobulin). Examples of immunoglobu-
lins which can be employed 1n the present invention include
polyvalent IgG or specific IgG, IgA and IgM, e.g., anti-
tetanus antibodies. An example of albumin which can be
employed 1n the present invention 1s human serum albumin.
Others as are known 1n the art can also be used.

Examples of vaccines which can be employed 1n the
present invention include peptide antigens and attenuated
microorganisms and viruses. Examples of peptide antigens
which can be employed 1n the present invention include the
B subunit of the heat-labile enterotoxin of enterotoxigenic £.
coli, the B subunit of cholera toxin, capsular antigens of
enteric pathogens, fimbriae or pil1 of enteric pathogens, HIV
surface antigens, dust allergens, and acan allergens. Others
as are known 1n the art can also be used.

Examples of attenuated microorgamisms and viruses
which can be employed in the present invention include
those of enterotoxigenic Escherichia coli, enteropathogenic
Escherichia coli, Vibrio cholevae, Shigella flexneri, Salmo-
nella typhi and rotavirus (Fasano et al, In: Le Vaccinazioni
in Pediatria, Eds. Vierucci et al, CSH, Milan, pages 109-121
(1991); Guandalini et al, In: Management of Digestive and

Liver Disorders 1in Infants and Children, Elsevior, Eds. Butz
et al, Amsterdam, Chapter 25 (1993); Levine et al, Sem. Ped.

Infect. Dis., 5:243-2350 (1994); and Kaper et al, Clin. Micr-
biol. Rev., 8:48-86 (1995), each of which 1s incorporated by
reference herein 1n its entirety).

The amount of therapeutic or 1mmunogenic agent
employed 1s not critical to the present mnvention and will
vary depending upon the particular ingredient selected, the
disease or condition being treated, as well as the age, weight
and sex of the subject being treated.

The amount of ZOT receptor agonist polypeptide
employed 1s also not critical to the present invention and will
vary depending upon the age, weight and sex of the subject
being treated. Generally, the final concentration of ZOT
receptor agonist polypeptide employed in the present inven-
tion to enhance absorption of the biologically active ingre-
dient by the intestine is in the range of about 10> M to 10~
M, preferably about 107° M to 5.0x10> M. To achieve such
a final concentration in the intestine, the amount of ZOT
receptor agonist polypeptide 1 a single oral dosage com-
position of the present invention will generally be about 4.0
ng to 1000 ng, preferably about 40 ng to 80 ng.

The ratio of therapeutic or immunogenic agent to ZOT
receptor agonist polypeptide employed 1s not critical to the
present invention and will vary depending upon the amount
of biologically active ingredient to be delivered within the
selected period of time. Generally, the weight ratio of
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therapeutic or immunogenic agent to ZOT receptor agonist
polypeptide employed 1n the present invention 1s in the
range of about 1:10 to 3:1, preferably about 1:5 to 2:1.

Antibodies which bind to the protein identified by an
antibody raised against amino acids SLIGKVDGTSHVTG
(SEQ ID NO: 3) can be used diagnostically, therapeutically,
and as a research tool. One such antibody 1s SAMI11, which
1s available from Zymed Laboratories, South San Francisco,
Calif. Other such antibodies can be readily made using
standard techniques for raising monoclonal or polyclonal
antibodies. Upregulation of zonulin receptors 1n diseases can
be detected using the SAMI11 antibodies or other antibodies
that bind to the same human protein.

The antibodies can be conjugated to a diagnostically
detectable label. For therapeutic uses the antibody can be
conjugated to a therapeutic or toxic agent, mncluding radio-
nuclides, anti-neoplastic agents, etc.

The 1dentification of binding partners for the zonulin and
7ot receptor protein permits one to assay for test substances
which disrupt the binding. Binding partners identified to
date include MyDR88, zonulin, Zot, and AG. Any assay for
binding of two proteins can be used. These can be 1n vitro
or in vivo assays. The assays may employ antibodies or solid
phase binding substrates. Any such assay as 1s known 1n the
art can be used.

Conservative substitutions, in which an amino acid 1s
exchanged for another having similar properties, can be
made 1n the agonist polypeptide having the sequence of SEQ
ID NO: 4. Examples of conservative substitutions include,
but are not limited to, Glyss Ala, ValssllessLeu, AspsGlu,
LysssArg, AsnssGln, and PhesTrpssTyr. Conservative
amino acid substitutions typically fall in the range of about
1 to 2 amino acid residues. Guidance 1n determining which
amino acid residues can be substituted without abolishing
biological or immunological activity can be found using
computer programs well known 1n the art, such as DNAS-
TAR software, or 1n Dayhotl et al. (1978) 1n Atlas of Protein
Sequence and Structure (Natl. Biomed. Res. Found., Wash-
ington, D.C.).

Amino acid substitutions are defined as one for one amino
acid replacements. They are conservative in nature when the
substituted amino acid has similar structural and/or chemical
properties. Examples of conservative replacements are sub-
stitution of a leucine with an 1soleucine or valine, an
aspartate with a glutamate, or a threonine with a serine.

Particularly preferred oligopeptide analogs include sub-
stitutions that are conservative 1n nature, 1.e., those substi-
tutions that take place within a family of amino acids that are
related in their side chains. Specifically, amino acids are
generally divided into families: (1) acidic—aspartate and
glutamate; (2) basic—Ilysine, arginine, histidine; (3) non-
polar—alanine, valine, leucine, 1soleucine, proline, pheny-
lalanine, methionine, tryptophan; (4) uncharged polar—
glycine, asparagine, glutamine, cysteine, serine threonine,
and tyrosine; and (5) aromatic amino acids—phenylalanine,
tryptophan, and tyrosine. For example, i1t 1s reasonably
predictable that an 1solated replacement of leucine with
1soleucine or valine, an aspartate with a glutamate, a threo-
nine with a serine, or a similar conservative replacement of
an amino acid with a structurally related amino acid, will not
have a major eflect on the biological activity.

Any assay known 1n the art can be used to determine ZOT
receptor agonist biological activity. For example, the assay
may involve (1) assaying for a decrease of tissue resistance
(Rt) of 1leum mounted 1n Ussing chambers as described by
Fasano et al, Proc. Natl. Acad. Sci., USA, 8:5242-5246

(1991); (2) assaying for a decrease of tissue resistance (Rt)
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of intestinal epithelia cell monolayers in Ussing chambers as
described below; or (3) assaying for intestinal or nasal
enhancement of absorption of a therapeutic or immunogenic
agent, as described 1n WO 96/37196; U.S. patent application
Ser. No. 08/443,864, filed May 24, 1995; U.S. patent appli-
cation Ser. No. 08/598,852, filed Feb. 9, 1996; and U.S.
patent application Ser. No. 08/781,057, filed Jan. 9, 1997.

Agonists of ZOT receptor will rapidly open tight junc-
tions 1n a reversible and reproducible manner, and thus can
be used as intestinal or nasal absorption enhancers of a
therapeutic or immunogenic agent 1n the same manner as
70T 1s used as intestinal or nasal absorption enhancers, as
described 1n WO 96/37196; U.S. patent application Ser. No.
08/443,864, filed May 24, 1995; U.S. patent application Ser.
No. 08/598,852, filed Feb. 9, 1996; and U.S. patent appli-
cation Ser. No. 08/781,057, filed Jan. 9, 1997.

Antibodies to the zot/zonulin receptor can be used as
anti-inflammatory agents for the treatment of gastrointesti-
nal inflammation that gives rise to increased intestinal
permeability. Thus, the antibodies of the present invention
are useful, e.g., in the treatment of intestinal conditions that
cause protein losing enteropathy. Protein losing enteropathy
may arise due to: infection, e.g., C. difficile infection,
enterocolitis, shigellosis, viral gastroenteritis, parasite infes-
tation, bacterial overgrowth, Whipple’s disease; diseases
with mucosal erosion or ulcerations, e.g., gastritis, gastric
cancer, collagenous colitis, mflammatory bowel disease;
diseases marked by lymphatic obstruction, e.g., congenital
intestinal lymphangiectasia, sarcoidosis-lymphoma, mesen-
teric tuberculosis, and after surgical correction of congenital
heart disease with Fontan’s operation; mucosal diseases
without ulceration, e.g., Menetrier’s disease, celiac disease,
cosinophilic gastroenteritis; and immune diseases, €.g., Sys-
temic lupus erythematosus or food allergies, primarily to
milk (see also Table 40-2 of Pediatric Gastrointestinal Dis-
case Pathophysiology Diagnosis Management, Eds. Wyllie
et al, Saunders Co. (1993), pages 536-343; which 1s 1ncor-
porated by reference herein in its entirety). The antibodies
can be administered to patients with cancer, autoimmune
disease, vascular disease, bacterial infection, Celiac Disease,
asthma, and irritable bowel synderome.

The above disclosure generally describes the present
invention. All references disclosed herein are expressly
incorporated by reference. A more complete understanding
can be obtamned by reference to the following specific
examples which are provided herein for purposes of 1llus-
tration only, and are not mtended to limit the scope of the
invention.

EXAMPLE 1

Rat small intestinal tissues were analyzed by a combina-
tion of gel filtration chromatography and zonulin ELISA.
Rat intestine homogenates were loaded on a sephacryl
column (length 90 cm, diameter 2.6, cm calibrated with
standard molecular weight markers) and fractions collected
and analyzed by zonulin ELISA to determine zonulin con-
centrations. Of six fractions (F1-F6) tested, FS contained the
highest zonulin concentrations. Each fraction was resolved
by SDS-PAGE, transferred, and immunoblotted with zonu-
lin-itmmunoreactive, anti-Zot antibodies (FIG. 1B). Western
analysis revealed two major bands that migrated waith
approximate apparent Mr of 24,000 and 23,000 in the
zonulin-positive fraction, F5, while the zonulin-negative
fractions, F1-4,6, each revealed only one immunoreactive
band (~24 kDa). Therefore, the ~23 kDa band from F5 (see

arrow FIG. 1B) was excised from a Comassie blue-stained
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gel and subjected to Matrix Assisted Laser Desorption
Ionization (MALDI) mass spectrometry. Search using the
Profound search engine for protein matches (domain name
129.85.19.192, directory profound_bin; program WebPro-
Found.exe?FORM=1) revealed a high similarity of this
protein (estimate Z score 158) with the rat mast cell protease
IT 1). Mast cell proteases are serine protemnases contained 1n
mast cell granules with trypsin-like (tryptase) and chymot-
rypsin-like (chymase) properties (46). Mucosal mast cells
(MMC) contain predominantly protease 1I (MCP-II),
whereas connective tissue mast cells contain mainly pro-
tease 1 (46). MCP-II 1s particularly abundant 1n the pulmo-
nary and gastrointestinal (47) mucosa. In the gastrointestinal
tract, one of the better-characterized bioactivities of MCP-II
1s the modulation of mucosal epithelial permeability follow-
ing nematode infestation (48). In vitro studies suggest that
MCP-II opens the epithelial barrier by disrupting the tight
junction complex. Therefore, our proposed hypothetical
model for the zonulin system and the established functions
of MCP-II are remarkably compatible. However, we
detected major differences between zonulin and MCP-II,
including their sources (zonulin 1s present in enterocytes
(49) and macrophages) and the stimuli for their release
(intestinal worm infestation for and bacteria and gliadin [49]
for zonulin).

We performed microsnapwell experiments in WBB6/F1 -
W/Wv mice that possess plelotropic defects 1n germ cells,
RBC’s and mucosal mast cells and, theretfore, lack MCP-II
(55). Tissues mounted in the microsnapwell system and
exposed at increasing time intervals (up to 3 h) to zonulin-
releasing stimuli showed a TEER decrease (-170+£135.8 O
mhs/cm?2 versus —43x11 of untreated tissues) and a parallel
increase in zonulin release (10.0+£0.8 ng/mg protein vs
0.2+0.7 1n untreated tissues) similar to that observed 1n wild
type ammals (—120+20 and 15.1£3.1, respectively).

Taken together, our data suggest that zonulin 1s distinct
from MCP-II and may represent one of several physiologic
activators of PAR-2 or a variant of PAR-2. Pancreatic trypsin
1s the most eflicient activator of PAR-2, but there 1s a
discrepancy between the availability of pancreatic trypsin
and the distribution of PAR-2 (47). Biologically active
trypsin 1s present in the lumen of the small intestine, where
it may activate PAR-2 at the apical membrane of enterocytes
(47), but PAR-2 1s also found 1n many tissues where 1t must
be activated by an as yet 1dentified physiological activator
(50). Zonulin represents a strong candidate for such a PAR-2
activator and may reconcile this apparent discrepancy, since
it has been isolated both in intestinal and extraintestinal
tissues (51).

EXAMPLE 2

We have previously demonstrated that Zot binds to the
surface of rabbit mtestinal epithelium and that this binding
varies along the different regions of the intestine (44). The
binding distribution coincides with the regional eflfect of Zot
on 1ntestinal permeability and with the preferential F-actin
redistribution induced by Zot 1n the mature cells of the villi
(38, 44). To further characterize the Zot receptor, we per-
formed the following experiments.

A. Binding Experiments

Binding experiments were performed with several epithe-
lial cell lines, including IEC6 (rat, intestine), CaCo2 (hu-
man, villous-like enterocytes), 184 (human, crypt-like
enterocytes), MDCK (canine, kidney), and bovine pulmo-
nary artery (BPA) endothelial cells. For immunofluores-
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cence analysis, confluent monolayers (2.0x10°) on glass
slides were incubated for increasing time intervals (S5 min,
30 min, 60 min), at 4° C. or 37° C. with 5x10~° M Zot or a
negative control. Following incubation of monolayers with
Zot (0.2 uM) for 15 min at 37° C., cells were washed 10
times with cold PBS, suspended and lysed. Cell lysates were
resolved by SDS-PAGE, transferred to PVDF membranes,
and probed with anti-Zot antibodies. To establish the speci-
ficity of Zot binding radiolabeled Zot was used. These
experiments were performed 1n the absence or presence of
either 10- or 50-fold molar excess of cold unlabeled Zot.
When 1ncubated with Zot protein for increasing time inter-
vals, CaCo2 and IEC6 mtestinal epithelial cells as well as
endothelial cells displayed binding on the cell surface, as
compared to cells exposed to the negative control. In con-
trast, no staining was observed on either T84 or MDCK cells
alter incubation for up to 60 min with His-Zot. The cell-

specificity of Zot binding was confirmed by immunoblotting
analysis. Zot bound to IEC6, CaCo2, and BPA but not to T84

and MDCK cells.

B. Purification of Zot-Binding Protein.

A His-Zot aflinity column was prepared by immobilizing
overnight, at room temperature, 1.0 mg of purified His-Zot
to a pre-activated gel (Aminolink, Pierce). The column was
washed with PBS, and then loaded with a crude cell lysate
obtained using 106 of either IEC6 cells or CaCo?2 cells. After
a 90-min mcubation at room temperature, the column was
washed five times with 14 ml of PBS, and the proteins which
bound to His-Zot were eluted from the column with 4.0 ml
of 50 mM glycine (pH 2.5), 150 mM NaCl, and 0.1% (v/v)
Triton X-100. The pH of the 1.0 ml eluted fractions was
immediately neutralized with 1.0 N NaOH. Collected frac-
tions were subjected to 6.0-15.0% (w/v) gradient SDS-
PAGE under reducing conditions. The resolved proteins
were transierred to a nitrocellulose membrane and subjected
to NH2-terminal microsequencing using a Perkin-Elmer
Applied Biosystems Apparatus Model 494. The eluted frac-
tions obtained from both IEC6 and CaCo2 cells contained a
single protein band with an apparent Mr of 66 kDa as
observed by SDS-PAGE under reducing conditions. Treat-
ment with neuraminidase reduced the size of the putative
Zot receptor to 35 kDa, suggesting that this receptor is

sialylated (351).

C. Characterization of the Zot/zonulin Receptor.

Our recent data suggesting that zonulin 1s structurally
similar to mast cell protease (MCP)-II has led us to hypoth-
esize that the Zot/zonulin receptor could be similar, 11 not
identical, to the MCP-II proteinase-activated receptor (PAR -
2). PAR-2 has several characteristics in common with those
that we have described for the Zot/zonulin receptor. Spe-
cifically, mature PAR-2 1s a glycoprotein of 68-80 kDa that
1s reduced to 36-40 kDa by deglycosylation (47). Similarly,
the Zot/zonulin receptor has a molecular mass of 66 kDa that
1s reduced by deglycosylation to 35 kDa (351). Distribution
of PAR-2 within the gastrointestinal tract (47) coincides with
the Zot/zonulin receptor distribution in the gut (44). PAR-2
intracellular signaling involves activation of phospholipase
C (PLC), protein kinase C (PKC) (32), and actin polymer-
ization leading to cytoskeletal rearrangement (53). Zot and
zonulin activate these same intracellular signaling pathways
through a common intestinal surface receptor (38). Similarly
to the Zot/zonulin effect 1n the gut, activation of intestinal
PAR-2 results 1n increased intestinal permeability (34).
Finally, PAR-2 1s activated by cleavage of its extracellular
domain by trypsin, creating a new N-terminus that acts as a
“tethered ligand”. Exogenous addition of the peptide SLI-
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GRL (PAR-2 AP), that corresponds to the proteolyically
activated, newly created N-terminus, also activates PAR-2
independently of receptor cleavage (52). The N-terminus of
the 12 kDa, biologically active Zot fragment (AG) encom-
passes the Zot extracellular domain (aa residues 288-399)

that 1s proteolytically cleaved by Vibrio cholerae 1n the
intestinal tract of the host. The AG N-terminus contains a
peptide (FCIGRL amino acids 288-293) that 1s structurally
similar to the agonist ligand motif of PAR-2. To define more
precisely the structural requirements for engagement and
activation of the target receptor, two AG mutants were
synthesized by mutating either the putative PAR-2 binding
motif (AG291) or the region just downstream from the
ligand motif (AG298). These peptides were compared to AG
for their capacity to bind to IEC-6 cells as well as for their
biological activity on rat small intestine mounted 1n Ussing
chambers. IEC6 cells imcubated with AG291 (G291V)
showed reduced binding to IEC6 cells as compared to cells
incubated with AG, while no binding was observed on cells
incubated with the AG298 peptide (G298V). Biological
assays 1n Ussing chambers showed that AG291 had a
residual, but not a statistically significant effect on 1] disas-
sembly, while AG298 failed to elicit any detectable perme-
ating eflect. These results paralleled the eflects obtained
with these two mutants 1n the binding assay and suggested
that the G residue 1n position 291 and, most importantly, the
G residue 1n 298 may play crucial roles 1n AG binding and
activation of 1ts target receptor, possibly through changes 1n
the protein configuration. Currently, one of the major limi-
tations 1n studying the PAR-2 functions under both physi-
ologic and pathologic circumstances 1s the lack of specific
PAR-2 1nhibitors (352). Based on our structure-function
analyses, we designed a synthetic octapeptide (correspond-

ing to Zot amino acid residues 291-298) that encompasses
the two G residues that we targeted for mutagenesis, but
lacking the first 3 amino acid residues (288-290) of the
putative ligand motif. This synthetic peptide, FZI1/0, was
tested on 1ileal tissue mounted 1 Ussing chambers either
alone or 1in combination with Zot, AG, or zonulin. No
changes 1n tissues Rt exposed to either FZI/0 or to the
scrambled octapeptide (FZ1/1) were observed. Treatment of
ileal tissues with FZI/0 prior to and throughout the study
period prevented the Rt changes 1n response to Zot, AG, and
zonulin while the permeating eflect of the three proteins was
unaflfected by pretreatment with FZI/1. These data
strengthen our hypothesis that Zot and zonulin target the
same receptor and suggest that FZ1/0 may exert 1ts inhibitory
cllect by binding to, but not activating, this receptor. To test
this last hypothesis, we performed 1n situ binding experi-
ments using rat small intestine incubated with either fluo-
resceinated FZ1/0 or FZ1/1. Tissue exposed to FZ1/0 showed
numerous tlorescent particles, while no signal was detected
in tissues mcubated with FZI/1.

EXAMPLE 3

The Zot/zonulin synthetic inhibitor FZ1/0 binds to PAR-2.
To establish whether FZ1/0 binds to PAR-2, double label,
co-localization immuno-fluorescence microscopy was per-
formed 1n Caco2 cell monolayers. Briefly, cells were 1ncu-
bated for increasing time 1ntervals with either FITC-FZ1/0 or
with mouse monoclonal anti-human PAR-2 antibodies, fol-
lowed by incubation with rhodamine-labeled anti-mouse
IgG antibodies. Cells were then washed 3 times with PBS,
fixed 1n 3.7% paratormaldeyde in PBS (pH 7.4) for 15 min
at room temperature, the cover slips were mounted with
glycerol-PBS (1:1) at pH 8.0 and analyzed with fluorescence
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microscopy (ZEISS). Immunofluorescent particles were
visualized in both FITC-FZI/0- and ant1-PAR-2 antibodies-

exposed cells (FIG. 3). Overlapping of the two images

showed colocalization of the PAR-2 receptor and FZ1/0 was
evident (FIG. 3).

EXAMPLE 4

FZI/0—PAR-2 AP competitive binding experiments. The
activation of PAR-2 requires binding of either 1ts tryptase-
generated, cleaved N-terminal portion or the synthetic pep-
tide equivalent, PAR-2 AP, to the receptor’s extracellular
loop 2 (ECL2) (47). To establish whether FZ1/0 binds to the
same receptor domain, competitive binding experiments

were conducted 1n Caco2 cells. Cell monolayers were incu-
bated with FITC-FZI/0 (2x10~°M)) either in the presence of

an excess of PAR-2 AP (107°M) or a scrambled peptide and
then analyzed by fluorescence microscopy. Cells exposed to
an excess of PAR-2 AP showed a significant reduction of
FZI/0 immunofluorescent staining particles compared to
monolayers exposed to the scrambled peptide (FIG. 4),
suggesting that FZ1/0 binds to PAR-2 and can be competi-
tively displaced by PAR-2 AP.

Effect of the Zot/zonulin inhibitor FZ1/0 on PAR-2 AP-
induced actin rearrangement. It has been recently reported
that activation of PAR-2 receptor by PAR-2 AP promotes
cytoskeletal reorganization (53). To establish whether this
ellect can be prevented by the synthetic Zot/zonulin peptide
inhibitor, FZI/0, immunofluorescence studies were con-
ducted in Caco2 cell monolayers. Cells exposed to 10~°M
PAR-2 AP (FIG. 5A) displayed dissolution of stress fibers
whereas BSA-treated monolayers did not (FIG. 3B). These
cytoskeletal changes were blocked by the pre-incubation
with 2x107°M FZ1/0 (FIG. 5C), but not by the scrambled
peptide FZI/1 (FIG. 5D). Therefore, PAR-2 AP and FZI/0

appear to bind to the 1dentical structure on enterocytes.

EXAMPLE 5

Effect of PAR-2 AP and MCP-II on intestinal permeabil-

ity. PAR-2 1s highly expressed on the apical membrane of
enterocytes and, presumably, regulates one or more enteric
cell functions (52). We asked whether one of these functions
could be the zonulin-mediated regulation of intestinal per-
meability 1n response to bacterial colonization. To explore
this hypothesis, we tested the effect of both MCP-II and
PAR-2 AP treatment on mouse intestinal small intestine 1n
the microsnapwell assay. Addition of 107°M PAR-2 AP or
MCP-II (107*M) to the luminal aspect of the intestine
decreased TEER compared to untreated tissues and this
PAR2-dependent decrement was completely prevented by
pretreatment with FZ1/0 (FIG. 6). These results provide one
more line of evidence to support the hypothesis that PAR-2
1s the target receptor for both Zot and zonulin and suggests
that this receptor i1s also involved in the regulation of

intercellular tight junctions.

EXAMPLE 6

Involvement of MyD88 in PAR-2 signaling. Many micro-
bial structures, such as bacterial lipopolysaccahride or the
fusion protein from Respriatory Syncytial Virus, as well as
certain endogenous proteins, activate the cells of the innate
immune system through intracytoplasmic signaling that is
iitiated by Toll-like receptors (TLRs; 55). To date, ten
mammalian TLRs have been identified. Within the intrac-
tyoplasmic domains of TLRs and the Interleukin-1 and
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Interleukin-18 receptors, 1s a region of homology that is
referred to as the ““lIoll-IL-1 Receptor” or “TIR” domain.
The TIR domain 1s responsible for binding critical adaptor
molecules such as Myeloid Diilerentiation Factor 88
(MyDR88). The striking similarity of signaling pathways
engaged by PAR-2 activation and those engaged by TLRs
(e.g., NF-kB, etc.; 52) led us to hypothesize that zot/zonulin
might engage a member of the TLR family or a closely
related protein. Therefore, we tested the capacity of Zot and
PAR-2 AP to induce changes in intestinal transepithelial
clectrical resistance (TEER) was tested 1n wild-type mice
and 1n mice that have a targeted mutation (knockout, KO) 1n
the MyDR88 gene (FIGS. 7A and 7B). The data in FIG. 7A
indicate that both PAR-2 AP and AG induce a comparable
drop 1n intestinal resistance over time 1n wild-type tissues,
which was reversed by preincubation with the ihibitory zot
peptide, FZ1/0. In contrast, intestinal tissues derived from
MyD88 knockout mice failed to respond to erther stimulus
to exhibit a decrease in TEER.

Taken together, these results suggest that Zot and zonulin
activate the same receptor (a PAR-2 variant or homolog),
possibly through two distinct mechanisms (FIG. 8). Our data
support the notion that Zot binds directly to the PAR-2
(variant or homolog) ECL2 and activates the receptor sig-
naling, while zonulin, as a MCPII analogue, may activate the
target receptor by cleaving 1t at its N-terminus (FIG. 8).
Moreover, we propose that PAR-2 (variant or homolog) may
directly engage MyD88 through a TIR-like domain.
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<212> TYPE:

PRT
<213> ORGANISM: Vibrio Cholerae phage CTXphi

<400> SEQUENCE:

Met Ser Ile Phe

1

Gly

Tle

Leu

His

65

Arg

val

val

145

Asn

Asp

val

Thr

Arg

225

Ser

Ala

Gly

Glu
305

Trp

Glu

Asp

Pro
385

Ala

Tle

Lys

50

Pro

Asp

Leu

Ala

His

130

His

Gly

210

Phe

Thr

Asn

Ile

290

Arg

Ala

Thr

Tyr

Thr

370

Ile

Leu

Thr

35

Met

Asp

Ala

Thr

Glu

115

His

Asn

Ala

Ala

Lys
195

Ile
Ala
275

Gly

Thr

Glu

Lys

355

Phe

Trp

20

Asn

Asp

Gly

Phe

val

100

Asp

Gly

Met

Thr

Asn

180

Tle

Ala

Leu

Gly

Glu

260

val

Arg

Gly
Ser
340
val

Ala

Thr

1
ITle
5
Leu

val

val

Leu
85

Thr
Arg
Trp
Tle
val
165

Ser

Pro

Phe

Leu

245

Ser

Gly

Leu

Leu

His

325

Gly

Leu

Ala

Glu

His

Arg

Arg

Ser

Leu

70

Phe

Asn

Pro

Asp

Arg

150

Gly

Gly

Ser

Asp

Leu

230

His

Glu

Ser

val

310

His

Ser

Pro

Gln

Asn
390

19

His
Leu
Gly
Asp
55

Thr
ITle
Leu
Glu
Tle
135
Glu
Leu
Gln
Pro
Thr
215
Phe

Asp

Gln

val
295

Asp
Tle
Val
Leu
Ala

375

Asp

Gly

Leu

Leu

40

Tle

Met

Asp

Ser

120

Ala

Gly

Met

Tle

200

Met

Gly

Asn

Ser

Ala
280

Gln

Asn

Pro

Pro
360

Leu

Ala

Pro

25

Asn

Ser

Ala

Glu

Ala

105

Phe

Leu

Ala

Ala

Asp

185

Phe

Ala

Met

Pro

Glu

265

val

Leu

Thr
345

Pro
10
Ala

Leu

Tle

Cys

90

Leu

Glu

Thr

Glu

Lys

170

Ser

Gly

val

Tle

250

Pro

Ala

Gly

Asp

Asp

330

Glu

Phe

val

Gly

Gly

Tle

Glu

Glu

Phe

75

Gly

Asp

Val

Thr

Tle

155

Phe

His

Met

Thr

Phe

235

Phe

Gln

Pro

Phe

Tle

315

Thr

Leu

Asn

Glu

Leu
395

—-continued

Ser

Arg

Phe

60

Trp

Arqg

Thr

Ala

Pro
140

Gly

Thr

Ala

Ala
220

Leu

Thr

Ser

Ala

val

300

Pro

Leu

Phe

His

val

380

Asn

Ser

Met

45

Tle

His

ITle

Pro

Phe

125

Asn

Leu

Leu

Ala

205

Leu

Met

Gly

Ser
285

Thr

Thr

Ala

Phe
365

Ser

Gly

30

Ala

Asp

Trp

Trp

Pro

110

Asp

Tle

Arg

Thr

Thr

190

Ser

Trp

Phe

Gly

Ala

270

Phe

val

val

Ser
350

val

Ile

Thr
15

Thr

Ala

Pro

95

Asp

Met

Ala

His

Thr

175

Arg

Thr

Ser

Asn

255

Thr

Gly

Gly

Gly

Phe

335

Ser

val

Gly

Phe
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Ser

His

Arg
80
Pro

Leu

His

Phe

160

His

Gln

Thr

Asp

Tyr

240

Asp

Val

Phe

Asp

Leu

320

Phe

Phe

Leu

20



<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Arg Ser Pro

1

Ala

Ser

Thr

Ser

65

val

Leu

Pro

Glu

145

Ile

Gly

Leu

Thr

225

Asn

Leu

Ala

Tle

Leu

305

His

Ser

Asp

Gln

Ala

Lys

Gly

50

Ala

Trp

Met

Leu

130

Ala

Ser

val

Tle

Tyr
210

Thr
Met
val
290

Leu

val

His

Met

Ser

Gly

35

Ser

Thr

val

Ala

115

Leu

Ile

Asn

Ser

195

vVal

His

Phe

Ala

Asp

275

Thr

Leu

Ile

Ala
355

Gln

Leu

20

Arqg

Gly

val

Tle

Phe

100

Asn

Ile

Leu
Pro

180

Leu

val

Asp

Leu

Ser

260

Glu

val

Val

Ala

Asp

340

val

SEQ ID NO 2
LENGTH:
TYPE:
ORGANISM: Homo saplens

397

2

Ser

5

Ser

Ser

vVal

Leu

val

85

Leu

Leu

Ala

Asn

Phe

165

Met

Ala

val

Ser

245

Ala

Asn

Leu

vVal

Leu

325

Pro

Asnh

Ser

Ala

Leu

Thr

Thr

70

Phe

Phe

Ala

val

150

Met

Gly

Tle

Gln

Leu

230

Leu

Ser

Ala

His

310

Phe

Ala

Leu

21

Ala
Ser
Ile
Val
55

Gly

val

Leu
His
135
Leu
Thr
His
Trp
Thr
215
Pro
Ala
val

Glu
Met
295
Ile
Val
Leu

Thr

Trp

Gly

Gly

40

Glu

val
Thr
Ala
120

Tle

Tle

Ser

Leu

200

Ile

Glu

Tle

Leu

Lys

280

Phe

val

Leu
360

Ser

Leu

Thr

25

Thr

Leu

Gly

Lys

105

His

Gly

Leu

Arqg

185

Leu

Phe

Gln

Gly

Met

265

Leu

Leu

Ala

Tyr
345

Leu

10

Tle

val

val

Thr

Leu

90

Leu

Gly

Phe

Ser

170

Tle

Ile

Leu

val

250

Ile

Arg

Tle

Ile

Leu

330

Phe

Gly

Gln

Asp

Phe

Thr

75

Pro

Lys

Leu

Asn

Phe

155

Val

Lys

Leu

Pro

Leu

235

Phe

Arqg

Lys
315

Val

Ser

His

—-continued

Ala

Gly

Gly

Ser

60

val

Ser

His

Ser

Asn

140

Gln

Ala

Leu

Ala
220
val

Leu

Met

Phe

300

Ser

Leu

Ser

val

Ser

Ala

Thr

Thr

45

Val

Phe

Asn

Pro

val

125

Trp

Gly

Arg

Asn

val

205

Leu

Gly

Phe

Leu

Ala

285

Thr

Gln

Ser

His

Arg

365

Arg

Ile

Asn

30

Ser

Asp

Leu

Gly

Ala

110

Tle

Ile

Asn

Ile

190

Thr

Asn

Asp

Pro

Arg

270

Tle

Pro

Gly

Thr

Asp

350

Thr

Leu

15

His

Glu

Pro

Met

95

val

Trp

Met

Trp

175

Ala

Tle

Ile

Met

Ala

255

Ser

Ser

Gln

Leu

335

Phe

val

Ser
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Leu

Ser

val

Phe

Tle

80

Ala

Tle

Phe

Gly

Tyr

160

vVal

ITle

Pro

Thr

Phe

240

Phe

Ser

Leu

Asn

Ser

320

Asn

Arg

Ser

22



US 7,294,689 B2
23

—-continued

370 375 380
Ser Tyr Ser Ser Ser Ser Thr Thr Val Lys Thr Ser Tyr

385 390 395

<210>
<211>
<212>
<213>

SEQ ID NO 3

LENGTH: 8

TYPE: PRT

ORGANISM: Homo saplens

<400> SEQUENCE: 3

Gly Gly Val Leu Val Gln Pro Gly
1 5

<210>
<211>
<212>
<213>

SEQ ID NO 4

LENGTH: 6

TYPE: PRT

ORGANISM: Vibrio Cholerae phage CTXphili
<400> SEQUENCE: 4

Phe Cys Ile Gly Arg Leu
1 5

<210>
<211>
<212>
<213>

SEQ ID NO 5
LENGTH: 14

TYPE: PRT
ORGANISM: Homo saplens
<400> SEQUENCE: 5

Ser Leu Ile Gly Lys Val Asp Gly Thr Ser His Val Thr Gly

1 5 10
<210> SEQ ID NO 6
<211> LENGTH: 112
<212> TYPE: PRT
<213> ORGANISM: Vibrio Cholerae phage CTXphi
<400> SEQUENCE: 6
Phe Cys Ile Gly Arg Leu Cys Val Gln Asp Gly Phe Val Thr Val Gly
1 5 10 15
Asp Glu Arg Tyr Arg Leu Val Asp Asn Leu Asp Ile Pro Tyr Arg Gly
20 25 30
Leu Trp Ala Thr Gly His His Ile Tyr Lys Asp Thr Leu Thr Val Phe
35 40 45
Phe Glu Thr Glu Ser Gly Ser Val Pro Thr Glu Leu Phe Ala Ser Ser
50 55 60
Tyr Arg Tyr Lys Val Leu Pro Leu Pro Asp Phe Asn His Phe Val Val
65 70 75 80
Phe Asp Thr Phe Ala Ala Gln Ala Leu Trp Val Glu Val Lys Arg Gly
85 90 95
Leu Pro Ile Lys Thr Glu Asn Asp Lys Lys Gly Leu Asn Ser Ile Phe
100 105 110
<210> SEQ ID NO 7
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1l)...(1)
<223>» OTHER INFORMATION: Xaa = Ala, Val, Leu, Ile, Pro, Trp, Tyr, or Met
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-continued
<400> SEQUENCE: 7
Xaa Cys Ile Gly Arg Leu
1 S
<210> SEQ ID NO 8
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (2)...(2)
<223>» OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gln
<400> SEQUENCE: 8

Phe Xaa Ile Gly Arg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 9

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp, or Met

SEQUENCE: 9

Phe Cys Xaa Gly Arg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 10

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)...(4)

OTHER INFORMATION: Xaa =Gly, Ser, Thr, Tyr, Asn, Ala, or Gln

SEQUENCE: 10

Phe Cys Ile Xaa Arqg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 11

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence
FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)...(5)

OTHER INFORMATION: Xaa=Lys or His

SEQUENCE: 11

Phe Cys Ile Gly Xaa Leu

1

5

26



<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

US 7,294,689 B2

27
-contilnued
SEQ ID NO 12
LENGTH: 6
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (6)...(6)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp, or Met

SEQUENCE: 12

Phe Cys Ile Gly Arqg Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
OTHER

<400>

5

SEQ ID NO 13

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (1)...(1)

OTHER INFORMATION: Xaa = Ala, Val, Leu, Ile, Pro, Trp, Tyr, or Met
FEATURE:

NAME/KEY: VARIANT

LOCATION: (2)...(2)

INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gn

SEQUENCE: 13

Xaa Xaa Ile Gly Arg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 14

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (1)...(1)

OTHER INFORMATION: Xaa = Ala, Val, Leu, Ile, Pro, Trp, Tyr, or Met
FEATURE:

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa=Ala, Val, Leu, Ile, Pro, Trp, or Met

SEQUENCE: 14

Xaa Cys Xaa Gly Arqg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
OTHER

<400>

5

SEQ ID NO 15

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (1l)...(1)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp,Tyvr,
FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)...(4)

INFORMATION: Xaa=Gly, Ser, Thr, Tyr, Asn, Ala, or Gln

Oor Met

SEQUENCE: 15

28
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29

—-continued

Xaa Cys Ile Xaa Arqg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 16

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (1)...(1)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp, Tyr, or Met
FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)...(5)

OTHER INFORMATION: Xaa= Lys or His

SEQUENCE: 16

Xaa Cys Ile Gly Xaa Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 17

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Segquence

FEATURE :

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (1l)...(1)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp,Tyr,
FEATURE:

NAME/KEY: VARIANT

LOCATION: (6)...(6)

OTHER INFORMATION: Xaa= Ala, Val, Leu, Ile, Pro, Trp, or Met

or Met

SEQUENCE: 17

Xaa Cys Ile Gly Arg Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 18

LENGTH: o©

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE :

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (2)...(2)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gln
FEATURE :

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa=Ala, Val, Leu, Ile, Pro, Trp, or Met

SEQUENCE: 18

Phe Xaa Xaa Gly Arg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>

5

SEQ ID NO 19

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

30



<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

US 7,294,689 B2
31

—-continued

NAME/KEY: VARIANT

LOCATION: (2)...(2)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gln
FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)...(4)

OTHER INFORMATION: Var=Gly, Ser, Thr, Tyr, Asn, Ala, or Gln

SEQUENCE: 19

Phe Xaa Ile Xaa Arqg Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 20

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (2)...(2)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gln
FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)...(5)

OTHER INFORMATION: Xaa= Lys or His

SEQUENCE: 20

Phe Xaa Ile Gly Xaa Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 21

LENGTH: ©

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (2)...(2)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, or Gln
FEATURE :

NAME/KEY: VARIANT

LOCATION: (6)...(6)

OTHER INFORMATION: Xaa=Ala, Val, Leu, Ile, Pro, Trp,or Met

SEQUENCE: 21

Phe Xaa Ile Gly Arg Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 22

LENGTH: ©

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa =Ala, Val, Leu, Ile, Pro, Trp, or Met
FEATURE :

NAME/KEY: VARIANT

LOCATION: (4)...(4)

OTHER INFORMATION: Xaa=Gly, Ser, Thr, Tyr, Asn, Ala, or Gln

SEQUENCE: 22

Phe Cys Xaa Xaa Arqg Leu

1

5

32



<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

US 7,294,689 B2
33

—-continued

SEQ ID NO 23

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Seguence

FEATURE::

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protein Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa = Ala, VvVal, Leu, Ile, Pro, Trp, or Met
FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)...(5)

OTHER INFORMATION: Xaa= Lys or His

SEQUENCE: 23

Phe Cys Xaa Gly Xaa Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 24

LENGTH: ©

TYPE: PRT

ORGANISM: Artificial Segquence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE :

NAME/KEY: VARIANT

LOCATION: (3)...(3)

OTHER INFORMATION: Xaa =Ala, Val, Leu, Ile, Pro, Trp, or Met
FEATURE :

NAME/KEY: VARIANT

LOCATION: (6)...(6)

OTHER INFORMATION: Xaa= Ala, Val, Leu, Ile, Pro, Trp, or Met

SEQUENCE: 24

Phe Cys Xaa Gly Arg Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 25

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)...(4)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, Ala, or Gln
FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)...(5)

OTHER INFORMATION: Xaa= Lys or His

SEQUENCE: 25

Phe Cys Ile Xaa Xaa Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>

5

SEQ ID NO 26

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide

FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)...(4)

OTHER INFORMATION: Xaa = Gly, Ser, Thr, Tyr, Asn, Ala, or Gln
FEATURE:

34
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35

36

-continued
<221> NAME/KEY: VARIANT
<222> LOCATION: (6)...(6)
<223> OTHER INFORMATION: Xaa= Ala, Val, Leu, Ile, Pro, Trp, or Met

<400> SEQUENCE: 26

Phe Cys Ile Xaa Arqg Xaa

Trp, or Met

1 5
<210> SEQ ID NO 27
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: susbstition mutant of Vibrio cholerae CXTphi
protelin Zot oligopeptide
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (5)...(5)
<223> OTHER INFORMATION: Xaa = Lys or His
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (6)...(6)
<223> OTHER INFORMATION: Xaa= Ala, Val, Leu, Ile, Pro,
<400> SEQUENCE: 27

Phe Cys Ile Gly Xaa Xaa
1 5

We claim: 30

1. An agonist polypeptide of a human receptor of zonulin
and Vibrio cholerae phage CTX® ZOT protein, said agonist
polypeptide comprising FCIGRL (SEQ ID NO: 4), wherein
said polypeptide 1s less than 10 amino acid residues i1n 35
length.

2. The agonist polypeptide of claim 1 wherein said

polypeptide consists of amino acid residues FCIGRL (SEQ
ID NO: 4).

3. The agonist polypeptide of claim 1 wherein said
polypeptide does not comprise residues 294-298 of SEQ 1D
NO: 1.

4. The agonist polypeptide of claim 1 wherein said
polypeptide 1s less than 8 amino acid residues in length.

5. A composition comprising the agonist polypeptide of
claim 1.

6. A composition comprising the agonist polypeptide of
claim 2.
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